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1. Dr G. N. STEWART demonstrated, (1) A NEW METHOD OF
MEASURING THE VELOCITY OF THE BLOOD.

The principle of the method consists in impressing upon the blood
at any part of its course an alteration which will travel with the velocity
of the blood-stream, and be capable of easy recognition at any other
part. Hering's method of measuring the duration of the circulation
by the injection of ferrocyanide of potassium is a particular case of the
application of this principle.

It occurred to the author in the course of some experiments on
"Electrolysis of Animal Tissues" (Memoirs from the Physiological
Laboratory, Owens College, 1890) that there was no property of the
blood which could be so easily and harmlessly altered, nor in which an
alteration could be so easily detected, as the electrical resistance. The
conductivity of blood is due chiefly to the small quantity of inorganic
salts wlhich it contains. A very small addition to the salts at any part
of the blood-stream is therefore enough to cause a considerable local
increase of conductivity. All that is necessary then is to cause this
local alteration and to detect it as it travels. But the detection of a
change of resistance is one of the easiest operations in the whole range
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of Physics. In a conductor like a full blood-vessel part of the current
must pass through the blood. Accordingly, it is not necessary to open
the vessel in order to detect the change of resistance. This is a point
of importance, for it at once does away with the necessity of injecting
substances to keep the blood from coagulating.

A cannula is tied into a vein (any vein will do, and the more un-
important it is the better) and connected with the injecting apparatus,
a syringe, pressure bottle, or burette.

Two pairs of non-polarisable electrodes, the resistance of which
should be as small as possible, are arranged at any two parts of the
vascular system, the duration of the circulation between which is to be
measured. The vessels are here insulated from the surrounding tissues
by slipping strips of thin sheet gutta-percha beneath them. Each pair
of electrodes is connected with a separate galvanometer of suitable
resistance, and the balance of the Wheatstone's bridge is found with a
current which is too weak to stimulate excitable tissues in the vascular
walls. A definite small quantity of the saline solution is now injected
into the vein. A column of blood of conduictivity above the normal now
moves on with the normal velocity, and gives tidings of itself at the
electrodes by a deflection first of one galvanometer and then of the other.
The interval between the beginning of one deflection and that of the
other is the time which the blood takes to pass from any cross-section
of the piece of vessel included in the first circuit to the corresponding
section of the second; strictly speaking this presupposes that the galvano-
meters are similar, and that in fact the two circuits are in all respects
alike (distance between electrodes, length of vessel insulated on each
side of electrodes, determining the amount of the branch current which
passes by the tissues as a whole, and relative proportion of section of
vessel wall to section of blood-stream). By a little care it is easy to
avoid any possible small error due to dissimilarity of the two circuiits.
The closer the electrodes of each pair are to each other the better,
provided that their resistance is sufficiently small.

Instead of the galvanometer the capillary electrometer has also been
used to detect the arrival of the altered blood.

The actual measurement of the interval may be done in various ways.
If it is long, e.g. the total duration of the circulation in an animal, or
even the duration of the circulation through a limb, or through the
lungs, brain or kidney, approximate results may be got by counting with
the metronome; and very fairly constant readings may be obtained,
evea with a single pair of electrodes and a single galvanometer, of the
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time which the blood takes to travel from the point of injection to any
given poinit. For example, the time in a rabbit of 2700 grammes
weight was,

Froin right jugular vein to right femoral artery,
7'5 seconds.
7.5

From right jugular vein to left carotid artery,
6afi seconds.
6
6,5

From right femoral artery to left carotid artery,
10 seconds.
9.5
9.5
9 .5 ,

Here no account is taken of any "loss of time" by the galvano-
meter.

A much closer approximation can be made by opening the circuit of
an electromagnet at the beginning of the first deflection and closing it
at the beginning of the second, a trace being taken on a drum above the
trace of a time-marker. Here it is assumed that the observer's reaction
time is fairly constant. When a single galvanometer is used the tap of
the injecting apparatus may be made to open the circuit of the electro-
magnet, or the observer may do so on a verbal signal from the person
managing the injection.

Where the time to be measured is much shorter, as in measuring
the velocity in a single vessel, a method of registration which the author
had not hitherto been able to use would be required, and he hoped before
long to get together apparatus for photographing the deflection. For
this the capillary electrometer had obvious advantages.

The special advantages of the whole method seem to be
(1) The vascular system is preserved intact except at one point,

which may be so chosen that there is scarcely any disturbance
of normal conditions; and this point may be varied according
to the design of the expeliment.

(2) The only substance introduced into the blood is a small
quantity of a harmless salt, which is already present there
in much greater quantity, and which is moreover rapidly
eliminated.

* .i
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(3) In consequence of (1) and (2) the animal survives indefinitely.
(4) The observations may be taken very rapidly. As soon as one

is over the animal is ready for the next, and a practically
unlimited number may be made on the same animal.

(5) The method lends itself especially to determining the duration
of the circulation in individual organs or tissues under different
conditions; and to the comparison of that duration in two organs
of the same animal, under normal conditions or which have been
placed under different conditions (as to vasomotor regulation,
e.g. by section or stimulation of nerves going to one), or in two
organs which have been placed under the same abnormal
conditions (drugs circulating in the blood, e.g. or section or
stimulation of nerves going to both).

(6) It is specially suited for small animals. In fact the smaller a
vessel is, so long as the circulation is not hindered by the
pressure of the electrodes, the better does the method succeed.

Hitherto solutions of sodium chloride, varying in strength from 5
to 10 per cent., have been used for injection. For a large rabbit about
a cc. of the solution has been injected at a time, when the injection was
into the jugular. The salt in this case is of course diluted almost
instantly in the right side of the heart. With this amount the galvano-
meter deflections, when the electrodes were placed on carotid or femoral
artery, have been prompt and large, right off the scale in fact. (In the
demonstration the arrangement was less sensitive than that employed
in the actual experiments, and the deflections therefore less.)

The quantity of salt injected at a time should be proportional to
the quantity of blood in the animal, and it is important to put it in as
concentrated a solution as possible without running the risk of stimula-
ting muscular fibres or nerves.

Some experimnents have been made by this method with the view of
extending our knowledge of the vasomotor regulation in muscles and in
the brain, and it is intended to proceed with these, and to extend them
to the kidneys and lungs, and if possible to other organs.

(2) A METHOD OF ESTIMATING THE AMOUNT OF INORGANIC SALTS
IN SMALL QUANTITIES OF BLOOD.

The author has worked out a method which would enable us to
determine with fair accuracy the total inorganic material in such small
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quantities of human blood as are usually available. The method
depends upon two facts:

(1) That so far as its electrical resistance is concerned blood is
practically a dilute solution of the inorganic salts in it.

(2) That in dilute solutions of a single electrolyte, as Kohlrausch
has shewn, the resistance is inversely proportional to the
strength of the solution.

If we could assume that when the total amount of inorganic material
in blood varies, the relative proportions of the different saline constituents
do not vary, then it would be sufficiently accurate for the purpose to
determine the inorganic material once for all by incineration, and to
measure the resistance of a standard tube of the same blood. The
relation between resistance and ash wouild then enable us to calculate the
latter from the former in any other case. If we wished to go behind
the ash and to inquire how much of it existed as such in the blood, the
knowledge of the resistance would not help us much, although we knew
that when we took the resistance as the measure, the iron of the
haemoglobin, and probably the phosphoric acid derived from the lecithin
were actually eliminated from the determination.

Although we could not make the above assumption as to the relative
proportions of the salts remaining the same, it was easy to see from a
consideration of the ionic velocities and atomic weights of the elements
Na, K, and Cl, which make up the chief part of the salts, that even with
considerable variation in the relative amount of the different salts the
resistance would still correspond very fairly to the amount of inorganic
material.

So much for theory. To get experimentally an idea of the limits of
error the resistance and the ash of various samples of rabbit's blood
were determined, and the conclusion was that the method was sufficiently
reliable to yield useful comparative results in the case of human
blood.

For the actual measurement of the resistance thick-walled glass tubes
with fine and uniform internal bore were used. For galvanometer
measurements the tubes had two small holes filed so as to open the bore.
These holes were at a distance of about 1 mm. A single drop of blood
was drawn up into the tube, the holes having been first closed with a
little clay made up with normal saline solution. The column of blood
was made to fill the interval between the holes. The tube was then
laid on non-polarisable electrodes of small resistance, the clay covering
the holes being in contact with the clay of the electrodes. It was

XIX
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balanced against a similar tube containing standard *7a per cent. salt
solution. This was to eliminate the effect of temperature on the
resistance as the temperature coefficient, which is very great in electro-
lytes, is approxinmately the same in all watery solutions of salts, and it
seemed simpler to do it in this way than to keep the temperature the
same at every measurement.

With another set of tubes measurements were made with the
capillary electrometer. Here platinum wires permanently fixed into
the tubes could be used, which had the advantage of greater uni-
formity.

So long as the results are stated in terms of the resistance or in
terms of the percentage of sodium chloride to which that resistance
corresponds, there is no room for error; and comparisons between the
blood of a healthy individual at different times, or when the diet is as
much as possible free from salts, or when salts are taken in excess, or
after exercise, and especially after copious sweating &c., and between the
blood of patients suffering from different diseases, can be made with
confidence.

When we wish to state our results in terms of the total inorganic
matter in the blood more caution is necessary, but even here the
maximum error which can probably arise in the estimation of the
inorganic salts in 10 to 15 milligrammes of blood, i.e. in the estimation
of a quantity of not more than 1 to -15 milligrammes, is not above 5
per cent. With simpler animal liquids, and especially with liquids in
which the qualitative fluctuations are narrow and the quantitative
large, greater accuracy is possible. Again, where still smaller quantities
than 10 milligrammes nmust be worked with, the method does not fail.
The inorganic salts have been determined by this method, with a very
fine capillary tube, in 1 of a milligramme of blood, and in a correspond-
ing quantity of saliva, to less than 2 per cent., i.e. a quantity of not
more than the thousandth of a milligramme has been estimated to less
than a fiftieth of its amount. Of course in the case of blood and
saliva there is no advantage in using such a small quantity as 1 of
a milligramme.

The method is applicable to other liquids thari\blood, provided
that

(1) The conductivity is entirely or almost entirely due to the
inorganic salts. Bile would not fulfil the condition because of
the bile salts, nor would urine because of the urea, &c. But
saliva, aqueous humour, tears, and perhaps sweat would.
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(2) That the fluctuations in the relative amount of the different
inorganic constituents are small, or do not affect the con-
ductivity much when the total amount of salts remains un-
changedl.

(:3) That preliminary incinerations can be made to get the curve of
relation between conductivity and amouint of salts.

(4) Where there is too small a quantity of a liquid for incineration
a fair idea of the amount of inorganic salts may be got, if the
qualitative composition is roughly known.

The quantity of blood in an animal can also be estimated by
measuring the resistance of a drop of blood taken from a vessel, then
injecting a given quantity of sodium chloride, which need not be more
than > to -u of the weight of the animal, and mriay be less,-say in a
rabbit of 2000 grammes weight, 5 to 10 cc. of a 10 per cent. solution-
and then measuring the resistance of a drop taken at an interval
sufficient to allow complete mixture. The increase in the conductivity
is a function of the percentage of sodium chloride which has been added
to the blood. Knowing this percentage and the amount of the sodium
chloride added we get the total quantity of blood, on the assump-
tion that in the short interval none of the salt has been eliminated.

(3) A METHOD OF MEASURING LOCAL DIFFERENCES OF TEMPERATURE
IN THE BLOOD-STREAM.

Two instruments were shewn which had been used, and were still
being used to measure differences of temperature between the artery and
vein of a limb or organ under various conditions. Each consists of a
vulcanite holder with a fine platinuim wire disposed in a groove which
receives the vessel. The measurement is made by the resistance method.
The advantage of the method is that the vessels do not require to be
opened. The temperature measured is really that of the outside of the
vessel, but when the latter is enclosed in the groove, as it is by a sliding
piece, this cannot differ appreciably from that of the blood.

The same instruments, as well as a larger pair, had also been used
to determine whether any increase of temperature can be detected in
active mammalian nerve (op. cit.), and in curarised muscle when its
nerve is stimulated, in both cases hitherto with a negative result.

2. Dr ALDREW TURNER demonstrated microscopical specimens
illustrating the changes occurring in the cranial nerves in
association with Optic neuritis. The statement was confirmned

xxi
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that the optic neuritis which occuirred as a physical sign of intracranial
tumours was in the majority of cases secondary to a basal pia-arachnitis.
This in its turn was the result of the new growth which caused by its
presence irritation and inflammation of the perivascular lymphatics.

It was urged that as the optic nerve differed in no respect as regards
the effects of inflammation from the other nerves issuing from the base
of the skull, there ought to be associated with optic neuritis inflam-
mation of the olfactory, trigeminal, auditory, and other cranial nerves.
Evidence was brought forward to shew that this does actually occur,
for in three cases examined there was neuritis of the third, fifth and
some of the medullary nerve roots. The olfactory bulb was examined
in one case, but shewed no sign of any inflammatory change, while the
anditory nerve in another instance shewed marked signs of an early
inflammation. The change in all was similar; an arachnitis encroached
on the nerve roots and caused perineuritis, which extended centrally and
led to degeneration of the nerve parenchyma. The state of the non-
medullated cranial nerves requires further investigation. Dr Turner
believed that in the rare cases described as cerebritis with optic neuritis,
the latter condition was probably due to a meningitis. It was further
stated that a pia-arachnitis recognisable only by the microscope was
sufficient to cause optic neuritis.

3. Dr COPEMAN shewed specimens of a form of myohamatin which
had been obtained by treating defibrinated and slightly diluted blood
with a small quantity of minced muscle tissue, and subsequently keeping
the mixture at a temperature of 360 C. for nearly three weeks, contact
with air being prevented. The spectrum is indistinguishable from that
figured by Mac Munn1 except for a slight difference in shading of the
band nearest the violet end. The pigment was compared spectro-
scopically with haeinochromogen and neutral haematoporphyrin, to each
of which it bears a certain amiount of resemblance in the position of one
or more of the absorption bands, although easily distinguished from
them. by its behaviour with reagents. On heating to near the boiling
point the bands disappear, becorning visible again on cooling, as observed
by Halliburton in the case of Mac Munn's modified myohaematin.

Similar experiments carried out with small quantities of hepatic and
other tissues, macerated in blood, resulted in the formnation of alkaline
haematin only, instead of a form of histo-haematin.

I Journal of Physiology, Vol. viII. P1. II. Sp. 14.


